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Overview







TsunAWI scenarios for the Indonesia Tsunami Warning System
Comparison with EasyWave (regular mesh, near real time)
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FESOM Overview
FESOM1.4 – finite element dynamical core
Horizontal mesh: Triangular unstructured,
Vertical: Prisms or tetrahedra,
Working horse.
FESOM2.0 – finite volume dynamical core
Ready and working, focus on model physics,
Optimized data structure: vertical as first dimension allows for
direct memory access,
Less resources for same throughput,
Different placement of velocities (node→ edge),
Same meshes (vertical: prisms), input, sea ice component.
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FESOM - Performance compared
Model, Setup SYPD #Cores time step
NEMO (1/4)◦ ≈6 800 1440s - 1080s
1M wet nodes
NEMO (1/12)◦ ≈2 3.500 360s - 240s
9M wet nodes
NEMO (1/16)◦ ≈0.8 3.500 200s
STORM MPI-OM ≈2 2.000 n/a
5.6M wet nodes
FESOM1.4, 1.3M nodes ≈6 2.400 600s
down to 8km res.
FESOM1.4, 5M nodes ≈2 7.200 300s
down to 4km res.
FESOM2.0, 2M nodes ≈18 1728 1.200s
15km uniform
FESOM2.0, 6M nodes ≈1.5 1728 60s
down to 4km res.
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FESOM - Where are we?
CORE-II intercomparison project: FESOM1.4 shows
very good behaviour for meshes used in climate studies,
FESOM1.4 is not slower than structured codes, but needs
more resources,
For the same number of nodes, we gain resolution where it
is needed,
FESOM1.4 and FESOM2.0 scale well,
FESOM2.0 performance is competitive to codes on
structured meshes.
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FESOM1.4: PRIMAVERA project
Velocity field at 100m depth. All images by N. Koldunov.
Eddie resolving mesh (Sein et al., 2016), 8km - 60km res.,
1.3M 2D-nodes, 40M 3D, 6SYPD coupled FESOM1.4+ECHAM6.
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FESOM1.4: PRIMAVERA project
Velocity field at 100m
Antarctica
Rakowsky et al. FESOM IMUM 2017 8 / 23
FESOM1.4: PRIMAVERA project
Velocity field at 100m
Arctic
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FESOM1.4: PRIMAVERA project
Velocity field at 100m
North Atlantic
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FESOM2.0 Example
Velocity field at 100m
North Atlantic
max. resolution 25km
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FESOM2.0 Example
Velocity field at 100m
North Atlantic
max. resolution 8km
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FESOM2.0 Example
Velocity field at 100m
North Atlantic
max. resolution 4km
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FESOM2.0 - Status and Outlook
FESOM2.0 basis configuration is ready and running. We work on
Arbitrary Lagrangian Eulerian vertical coordinates
Transport algorithms with reduced spurious mixing
Vertical transport algorithms with increased stability
Vertical mixing parameterizations
Mixed meshes (quads and triangles)
Optimization of code and parallelization
Care for vectorized inner loops (vertical)
Better load balancing (2D, 3D, sea ice nodes)
Optimized MPI communication pattern (hierarchical partitioning)
Asynchronous MPI
Parallel asynchronous I/O




for images, videos, information on ongoing projects and more.
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GITEWS Timeline
German-Indonesian Tsunami Early Warning System
2005-2011 GITEWS project funded by BMBF
Nov. 2008 Inauguration
March 2011 Transfer of Ownership to Indonesia
2011-2014 PROTECTS – PROject for Training, Education and
Consulting for Tsunami early warning Systems, BMBF
2014-. . . Support contract
2015-2017 Cooperation with Indonesia, funded by Australia
· · ·
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GITEWS System Overview
Warning Center Badan Meteorologi, Klimatologi dan Geofisika, Jakarta
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GITEWS System Overview
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TsunAWI
The computational domain reflects the characterics of tsunamis:
Small triangles (50m-200m) at the coast,
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TsunAWI
Model domain and epicenters for scenario database
computed in 2011 and extended in 2013, 2017
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Scenario data products
ETA isochrones and maximum amplitude
Example: Magnitude 9.0 in the Eastern Sunda Arc
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Scenario data products
Coastal forecast points
Example: Magnitude 9.0 in the Eastern Sunda Arc, zoom to Lembar, Eastern Lombok
Maximum SSH and ETA
at 134.000 coastal
forecast points
Time series at tide gauge
locations
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Scenario data products
Example: Small tsunami on 7 April 2010
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Motivation for the study
Tsunami Early Warning Systems determine and disseminate
Estimated wave height (EWH)
Estimated arrival time (ETA) 
Warning is basis of e.g., 
evacuation of the 
potentially affected 
population
Quality of the warning is 
of crucial importance 
All components of the 
Warning system need 
constant attention and 
improvement.
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Motivation for the study
Snapshot of TOAST
by gempa GmbH
Warning products from 
on-the-fly computation
with EasyWave
Magnitude 7.2 Event 
in Sunda trench
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Magnitude 7.2 Event 
in Sunda trench
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Motivation for the study
The study aims at a better understanding of 
the sources and extent of variations due to 
the different numerical approaches
Warning products for identical earthquake
sources in both models are investigated. 
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EasyWave TsunAWI
Developer
Andrey Babeyko at GFZ within 
GITEWS
At AWI within GITEWS
branch of FESOM1.4
Governing equations Linear SWE Nonlinear SWE




10 km in the deep ocean,
250 m in coastal regions,
50 m at gauge locations & 
priority areas.
Inundation
Coast line as boundary wall, 
Estimate of run up available
Inundation scheme included
Time stepping explicit, typically 10s explicit, typically 1s 
Implementation Use of GPUs possible OpenMP parallel
Time for scenario calculation 
(12h integration time)
~5 min (6 million nodes) on 
1 core  Xeon Broadwell
~6h (11 million nodes) on
18 cores Xeon Broadwell
The model components in InaTEWS





model results in Points 
of Interest (POIs) along 
the coast
Options:
Calculations to nearest coast 
point, or
Calculation to given water depth 
and projection (Green’s law)
Mesh covers coastal area up to 
terrain height of ~50m. Direct 












The model components in InaTEWS
100 - 500m
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Points of interest (POIs)
Defined within GITEWS by DLR
POI resolution:
generally 500m
in priority areas 100m
Total number: 181459
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Warning zones and POIs
Warning zone values 
defined as median of the 
corresponding POI values
POIs, warning zones and 
computational nodes for 
projections
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Model resolution, boundary conditions
Topography
easyWave: ETOPO or GEBCO
TsunAWI: GEBCO augmented by additional 
datasets (tcarta, SRTM, some local 
measurements)





Determination of warning products: 
direct calculation vs. projection
Sources for differences of model results
small impact in deep ocean,



















Total number of scenarios 
in the comparison: 3636
Central patches of the scenarios 
involved in the study
40
120




Analyse POI values and 




Calc. to coast (G08)
Calc. to coast (G08MOD)
Green’s law ;G08Ϳ
-- resulted in systematic 
overestimation
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EWH values obtained by the models
For systematic investigation of 
the EWH differences the coast is 
split into sectors and EWH 
comparisons are focussed on 
the wave propagation in the 
sectors
Occurring differences are 
visualized in box plots 
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Boxplot of EWH differences for 
all scenarios of magnitude 8.4 
119                                               67                                        41 
Red lines mark median of error
Boxes show the range of values 
for half of the sample
Index along the trench
[m
]
ITS,2017 - International Tsunami Symposium, Bali - Flores, 21-25 August 2017
119                                               67                                        41 
Over a range of magnitudes 
largest errors occur in this sector
[m
]
Index along the trench
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Scenario 
(67, 6, mw8.4) 
EWH overview in single scenario
easyWave
TsunAWI
Index along the trench
[m
]




ITS,2017 - International Tsunami Symposium, Bali - Flores, 21-25 August 2017






Index along the trench
[m
]
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Indeed the EWH 
differences are reduced 
in the given location
Original bathy
Modified bathy
119                                               67                                        41 
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However other areas do 
not behave as well due to 
other factors playing a 
larger part now
119                                               67                                        41 
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The overall mismatches are reduced 
Nevertheless, the 
overall state of the 
system is improved
The total number 




results of both 
models grows
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Warning level mismatches
Small variations of the EWH 
can lead to a mismatch of the 
warning level - the quantity 
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None - Advisory mismatches
Mw 7.0
For each warning zone the 
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Advisory - Warning mismatches
Mw 7.0
For each warning zone the 
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Warning - Major Warning mismatches
For each warning zone the 
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Study ongoing - Conclusions so far
Good overall consistency of warning products, in particular
very little discrepancies for small magnitudes.
Improvements of the consistency in the system are possible.
Due to the vast range of the topographical settings,
implications of adjustments are diverse.
Many factors involved in deviating results - improving one 
may increase the influence of another.
Absolute agreement is not achievable by definition, 
nevertheless studies like this may help to reduce variations to 
the minimum.
